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Commercial development of small satellites (SmallSats) opens up the opportunity to fly more sophisticated payloads in less 
time and for less money than larger satellites. SmallSats are generally defined as spacecraft that are in the 150 to 500 
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The objective of this study is to model the on-orbit vibration environment encountered by a SmallSat Vibration control 
issues are common to the Earth observing, imaging, and microgravity communities. A spacecraft may contain dozens of 
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Identification of Potential SmallSat User 
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. Crystal growth and combustion experiments are potential 
candidates for recoverable SmallSat missions 



Imaging payloads must also account for spacecraft jitter. Industry has made the call for on-orbit sensing that can provide 
multi-look, multi-spectral, high-resolution images of both the land and the oceans of this planet. The majority of images are 
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The requirements of GLAS were considered very stringent for the 150 - 500 kg class of payloads. Once the payload was 
selected, a generic SmallSat was designed in order to accommodate the payload requirements (weight, size, power, etc.). 
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This table presents the orbital parameters selected for the analysis. The parameters are based upon GLAS payload 
requirements. 
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Two simulations were used to analyze the jitter environment of a SmailSat. LEO-SIM and EOS-SIM were both used to 
evaluate the jitter environment. This allowed direct comparisons of the two simulations and aided in the verification of the 
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A finite element model of the spacecraft was built using MSC NASTRAN. The NASTRAN model included the spacecraft 
bus, GLAS experiment, solar array (position corresponding to the ascending node of the spacecraft orbit), and the high gain 
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The following tables shows a breakdown of the spacecraft weight and the ACS components: 
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Description j 

Rigid Body Modes 1 

Solar Array 1st Bending | 

Solar Array 1st Torsion about support tube | 

Solar Array Torsion about y 1 

Solar Array 2nd Bending | 

Solar Array 2nd Torsion about support tube | 

Solar Array Flatwise Bending f 

Solar Array Torsion about support tube 1 

Solar Array Bending, Torsion 1 

Solar Array Bending, Torsion | 
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The Low Earth Orbit Simulation (LEO-SIM) is a spacecraft simulation initially developed and verified for the UARS platform. The 
simulation is written in FORTRAN and incorporates rigid body and flexible body responses of a spacecraft. Due to time and resource 
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The PLATSIM is a spacecraft simulation initially developed and validated for the EOS- AMI spacecraft. The simulation is written in 
MATLAB script and incorporates rigid body and flexible body responses of a spacecraft The spacecraft dynamics are input into the 
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. Additional MATLAB script is available to model 
controllers for jitter suppression 
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The SmallSat analysis concentrated on determining the effect of individual disturbances upon the spacecraft. The following 
disturbances were analyzed: environmental, solar array thermal snap, solar array harmonic drive, and momentum wheel dynamic 
imbalance. The environmental disturbances are due to solar pressure and aerodynamic forces. The effect of these disturbances upon 
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Description of the Aerodynamic Disturbance 




> 

cd 

J-H 

o 


a. - 


U 

I 

a 


8 

to 

<3 


§ 

£ 


B 

a 

0 

U 

1 

w> 

u 


<N 

■goS 

8 9 
00 <4_( 
a o 

fe 'O 

r Q 

"N 

5 

.O 3 
vm 43 

£3 

O 

'•s. 


OO 

g § 

Cl 

•o ~ 

i— » | 

1 <N 

•S < 


i 

n 

i 


<D 

JG >% 

e«.ts 
> 
Xl 
O 
cfl 


O 

£ 

C3 

D 


j3 

’o 

00 


OO 


Aerodynamic Disturbances 


<4-h 

o 

S3 

o 

• rH 

<D 

a 

S3 


o3 

C/3 


o3 

1 

03 

a 

0 

1 

4-» 

O 

<D 

C/3 

C/3 

C/3 

O 

o 

<D 


<D -Si 

o 43 
S3 <D 
c3 > 

"S "O 

3 S 
tS «* 


73 

0 

• rH 

1 

a 

>> 

73 

o 

i-n 

a) 

o3 


_ *H 

03 (33 

• rH 

43 O 

O c/3 


<D 

03 


5 43 
DO 


jg w 

a § s 

O ^ <3 

H <4H o 

^ O 


<4h 

"O 

g s 

X) 
S3 


<d 

C/3 


C/3 
1-1 
o 

£ 

CD 

r> 3 


rt O « 

> rH O 

^ Uh ?g 
^ c ■' 


CD 

Sh 


C/3 


1-H 
• rH 

w 

C/3 

<D 

C/3 

03 

O 

a 

•i-H 

CD 

73 

3? 


03 

C/3 

03 

<D 

C/3 

03 

<D 

1-1 ^ 

o O 

(D 41^ 
73 73 



S3 

<D 

« 

O 

CD 

8* 

C/3 

S3 

CD 

73 

O 

•fi 

13 

73 

O 

73 

CD 

C/3 

a" 

Vh 

o 

C/3 

CD 

C/3 

73 

<D 

H 

S3 

o 

• rH 

g 

03 

O 

• fH 
# 

43 

Oh 

O 

• rH 

C/3 

03 

CD 

Vh 

o 

1—1 

<D 

43 

C/3 

O 

£ 

1-h 

CD 

43 

£ 

o3 

S3 

<D 

73 

Oh 

C/3 

O 

fi 

03 

Oh 

C/3 

O 

• rH 
> 

73 

O 

-4— > 

C/3 

s 

e3 

<D 

43 

H 

I 

03 

• rH 
4-H 

CD 

03 

CD 

< 

S3 

<D 

73 


Os 



This page was intentionally left blank. 


o 

IT) 


Aerodynamic Disturbance 



p mmm * page blank not Fti-vn 


P«JE_5I2— WTEMTIONALLV BLANK 


time (sec) 




Description of Solar Pressure Disturbance 
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The model of the disturbance caused by the thermal snap of the solar array as it enters and leaves the penumbra is based upon a similar 
analysis performed for the UARS solar array. For this type of an array, the thermal snap is more of a bending phenomena. 
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The values for SIGN and FAC are defined on the next facing page. A full derivation of the thermal snap disturbance will be included in 
an AIAA paper authored by T. Johnson and C. Nguyen by July 1994. 
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Description of Thermal Snap Disturbance (Continued) 
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The model of the disturbance caused by the return sweep of the high gain antenna is taken directly from the collaborative study between 
the Goddard Space Flight Center (GSFC) and the Langley Research Center (LaRC) that investigated the application of Control- 
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Momentum Wheel Dynamic Imbalance Model 
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wheel speed, which changes through the spacecraft's orbit, and 
the wheel location 



Description of Momentum Wheel Dynamic Imbalance Disturbance 
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The model of the disturbance caused by the solar array harmonic drive is based upon a similar analysis performed for the EOS and 
UARS harmonic drives. For the analysis, it was assumed that the solar array rotates at a constant rate and that the torque variations 
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disturbance torque (had a smaller impact on the spacecraft) 



The forcing function which describes the torsional disturbance of the solar array harmonic drive is represented by a magnitude (Tjjp) 
and a frequency (whd)- The position error of the harmonic drive is characterized by the following equation: 
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The model of the disturbance caused by the cryocooler is taken directly from the collaborative study of the MOPITT Cryocooler 
disturbance between the Goddard Space Flight Center (GSFC) and the Langley Research Center (LaRC) that investigated the 
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The results of the SmallSat simulations show that a payload requirement of 2 arcsec/secfor both rigid body and flexible 
body analysis is not satisfied by the generic satellite used for this study. The results of the SmallSat simulation are listed by 
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. Jitter associated with thermal snap and the high gain 
antenna must be reduced by one order of magnitude 
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APPENDIX A - EOS INSTRUMENT RESOURCE REQUIREMENTS 
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APPENDIX B - MICROGRAVTTY EXPERIMENT CANDIDATE SUMMARY 

(Sorted by payload weight less than 136 kg) 
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